Four commercial non-ionic surfactant compounds, namely tween 80, 60, 40 and 20, were tested as inhibitors for corrosion of nickel in 1.0 M H 2 SO 4 solution. Weight loss measurements, potentiostatic polarization and cyclic voltammetry techniques were used in this study. It was found that all the four used compounds act as good inhibitors for acid corrosion of nickel. The inhibition efficiencies obtained by the three techniques were almost the same, and increase with increasing the hydrocarbon chain length, the presence of a double bond in the chemical structure of the surfactant and with increasing the surfactant concentration. The polarization studies show that tween compounds act as mixed inhibitors. The inhibition action of these surfactants is interpreted in view of their adsorption on the metal surface making a barrier to mass and charge transfer. It was found that the adsorption of only tween 20 and 40 follows Langmuir adsorption isotherm. The values of free energy of adsorption for them were calculated. It was found that the adsorption process is spontaneous and increases, for different surfactants, in the same direction as inhibition efficiency. The cyclic voltammetry shows that there is only one anodic peak corresponding to the dissolution reaction of nickel electrode. The current of this dissolution peak was used also for corrosion rate measurements and in evaluation of inhibition efficiencies of the used compounds.
Introduction
Nickel is one of the most important metals and is used in a large number of applications. The pure nickel has a good corrosion resistance and is frequently used as a protective coat for other metals and alloys. For the same reason, nickel is used as alloying element with other metals. Nickel based alloys show a considerable resistance against different types of corrosion. Even the addition of small quantity of nickel to an alloy improves its corrosion resistance character.
The corrosion resistance of nickel is due to the formation of a passive film on its surface upon exposure to the corrosive media. Nevertheless, nickel could be attacked by acidic media in a considerable rate. Many works were conducted to study the passivation of nickel in different acidic solutions [1] [2] [3] [4] [5] . It was reported that the passive film formed on nickel surface in low concentrations of sulfuric acid is NiOOH [3] or NiO and Ni 2 O 3 [4] . On the other hand, β-NiSO 4 .6H 2 O was suggested as the passive compound formed in very high concentrations of sulfuric acid [5] . However, the obtained results showed that nickel establishes a kind of passivity in acidic solutions in which the corrosion current, in the passive potential range, is somewhat higher than those recorded by other passive metals.
Because nickel is frequently used in contact with acidic solutions, its corrosion rate must be controlled. One of the useful methods of controlling the corrosion process is the addition of corrosion inhibitor.
Many researches were published in the literature concerning the usage of inhibitors for nickel corrosion in acidic solutions [6] [7] [8] [9] [10] [11] [12] . Most of the tested inhibitors are organic compounds containing sulfur or nitrogen in their chemical structures. It was found that this kind of compounds is chemically adsorbed on the nickel surface forming a barrier for mass and charge transfer and consequently decreasing the rate of corrosion. Unfortunately, most of these compounds are harmful for human and environment. Therefore, additional work should be conducted to find safe and cheap corrosion inhibitors for nickel in acidic solutions. This work is devoted to test a series of tween surfactants as inhibitors for nickel corrosion in sulfuric acid solution. Tween compounds can be easily synthesized from relatively cheap raw materials. In addition, tween compounds are non toxic and have surface active property. Weight loss measurements, cyclic voltammetry and polarization techniques were used in the study to evaluate the inhibition efficiency of the tested tween compounds.
Experimental
Coupons of pure nickel with dimensions of 1 x 2 x 0.2 cm were used in weight loss experiments. For potentiostatic polarization technique, a cylindrical rod of nickel embedded in araldite with an exposed bottom area of 0.5 cm 2 was used.
Before each experiment, the electrode was polished to a mirror finish with different grades of emery papers, degreased with acetone and finally rinsed with distilled water. BDH grade sulfuric acid was used for the preparation of the test solutions.
Weight loss measurements were carried out by the same method as described elsewhere [13] . Each of the nickel sheets was immersed, for 6.0 hours, in 
Results and Discussion

Weight loss measurements
The losses of weight of nickel sheets due to their immersion in solutions of 1. The inhibition efficiencies (IE%) of different concentrations of the four tween compounds are given in Table ( 1). The inhibition efficiency was calculated using the following equation:
( 1) where w f and w i are weight loss of nickel coupon in free and inhibited acid, respectively. Inspection of Table 1 reveals that the inhibition efficiency increases as the inhibitor concentration is increased. This behavior could be attributed to the increase of the metal surface area covered by the adsorbed inhibitor molecules with the increasing inhibitor concentration. Furthermore, data in Table 1 show that the extent of inhibition of different tween compounds depends on their structures. The inhibition efficiency increases in the following order:
T 20 < T 40 < T60 < T 80
This sequence reflects the effect of type of the fatty acid included in the tween formula, on their inhibitive action, since all tween compounds are mainly polyoxyethylene sorbitane combined with alkyl chain of different fatty acids which determine the tween number. Now, one can rewrite the above sequence, according the alkyl chain, as following:
This new sequence illustrates the effects of both hydrocarbon length and presence of a double bond in the inhibitor structure. Thus, for the first three compounds, the inhibition efficiency increases as the number of carbon atoms in the alkyl chain increases. On the other hand, for the last two compounds, which contain the same number of carbon atoms, the presence of the double bond in the latter made it superior to the former. The values of corrosion current density (i corr ), corrosion potential (E corr ), anodic
Potentiostatic polarization
Tafel constant (β a ) and cathodic Tafel constant (β c ), excluded from polarization curves are given in Table 2 . Inspection of Table 2 On the other hand, the corrosion current density is greatly reduced upon addition of any of the four tween compounds. These results suggest the inhibitive effects of the tested compounds. The data in Table 2 reveal that the values of inhibition efficiency obtained by polarization technique are comparable to those obtained by weight loss measurements. The inhibition efficiency increases with increasing tween concentration. The inhibition efficiency depends on the type of tween compounds. It could be recognized in Table 2 that the inhibition efficiency of the four tween compounds increases in the following order:
It is of interest to note that this sequence is the same like that obtained by weight loss measurements. Further inspection of Table 2 reveals that the addition of increasing concentrations of tween compounds decreases both the anodic and cathodic Tafel constants. This result indicates that the non-ionic surfactants act as mixed inhibitors. This means that the surfactant molecules are adsorbed on both the anodic and cathodic sites resulting in an inhibition of both anodic dissolution and cathodic reduction reactions. The greater the metal surface area occupied by adsorbed molecules, the higher the inhibition efficiency. A parameter (θ) which represents the fraction of the metal surface covered by adsorbed molecules is calculated using the following equation:
where I f and I i are the corrosion currents in free and inhibited acid solutions, respectively. The values of θ corresponding to different concentrations of tween compounds are given in Table 2 . Plotting of log θ/1-θ versus logarithm of tween concentration give straight lines with slopes very close to unity for the compounds T20 and T40, but the values are deviated from unity for T60 and T80 (Fig. 2) . These results suggest that the adsorption of the first two tween compounds on nickel surface follows Langmuir adsorption isotherm. This isotherm postulates that there is no kind of interaction forces that could arise between the molecules adsorbed at the metal surface.
Thus, the free energy of adsorption of the molecule is independent on the value of θ. The following equations describe the Langmuir adsorption isotherm [14] :
where
Thus, the values of free energy of adsorption (∆G o ) are calculated using these Inspection of Fig. 3 reveals that there is only one large anodic peak and no peaks could be observed in the cathodic loop. Some authors [6, [15] [16] [17] reported that nickel gives a small anodic peak in addition to the large one and others [11] recorded a very small cathodic peak. However, we have recorded the appearance of a small anodic peak by using voltage scanning rate smaller than 10 mV/sec. It was reported that the large anodic peak corresponds to the oxidation of nickel to nickel hydroxide and/or oxide. Thus, this peak is responsible for the passivation of nickel in sulfuric acid solution. So, the dissolution of nickel takes place at its potential and results in the formation of the passive layer, which retards the rate of nickel corrosion in sulfuric acid. The presence of such unique dissolution peak makes it possible to use its current to represent the corrosion rate of nickel, and its potential as the corrosion potential. Moreover, the inhibition efficiencies of different tween compounds could be calculated using these parameters.
Inspection of Fig. 3 reveals that the presence of tween 80 in the acid solution results in a large decrease of the anodic peak current. This behavior is in contrast with those recorded for other inhibitors [6, 11] , which increase the anodic peak current upon their addition. It was claimed that these compounds enhance the passivation current and consequently lead to more protection of nickel against corrosion process. However, it could be observed in Fig. 3 that the addition of tween decreases both the current of the anodic peak and of the plateau (passive current). This behavior leads to the conclusion that the adsorbed tween molecules prevent the dissolution of nickel and act as a passive layer better than the oxide one. Thus, while other compounds act through enhancement of nickel dissolution and forming a thicker passive oxide layer, tween compounds act through adsorption on nickel surface preventing directly the nickel dissolution. This is the reason of the observed higher inhibition efficiencies of tween compounds than those recorded for the other compounds. Potentials and currents of the anodic peak, in 1.0 H 2 SO 4 solutions containing different concentrations of tween compounds, as well as the inhibition efficiencies calculated from the peak current, are represented in Table 3 .
Inspection of 2-Tween compounds inhibit the nickel corrosion by adsorption on its surface and act better than the passive oxide film.
